Introduction {#s0005}
============

H3N2 influenza A virus appeared and caused a pandemic in the human population in 1968 ([@bb0040]). Subsequently, this virus has been circulating in humans causing epidemics every winter season in temperate regions ([@bb0160], [@bb0280]). Vaccines are available for prophylaxis against human influenza viruses ([@bb0090], [@bb0060]). The main target of vaccination is hemagglutinin (HA), which is the envelope protein most abundantly exposed on the virion surface ([@bb0150]). HA is a homotrimeric type I transmembrane protein glycosylated at the *N*-linked glycosylation sites (NGS), and the HA1 domain of HA contains the sialic-acid receptor binding sites (RBS) and the neutralization epitopes ([@bb0200]).

The antigenicity of human influenza viruses evolves rapidly due to the high mutation rate, the short generation time, the host immune responses, and the relatively weak functional constraint operating on surface amino acids of HA1 ([@bb0250], [@bb0205], [@bb0230], [@bb0240], [@bb0015]). Consequently, vaccines are re-formulated biannually by the Global Influenza Surveillance and Response System of the World Health Organization under the assumption that the dominant strain in a year may dominate in the next year ([@bb0260], [@bb0180]). However, this assumption does not always hold and the antigenicity of vaccines sometimes fails to match that of epidemic viruses ([@bb0030], [@bb0035]).

To improve the effectiveness of vaccines, several attempts have been made to predict the major amino acid sequence of HA1 in the target season of vaccination ([@bb0025], [@bb0295], [@bb0085], [@bb0105], [@bb0245], [@bb0145]). However, the precision of prediction was limited by the random genetic drift, the incomplete sampling of epidemic viruses, the occurrence of *de novo* mutations, and the lack of knowledge on the mechanism of sequence evolution. In addition, the usefulness of predicted sequence was unclear because its relationship to the antigenicity was unknown.

The antigenicity of influenza viruses may be determined by the physical and chemical properties of surface amino acids in HA1 ([@bb0095], [@bb0135]), as well as their relative positions to RBS ([@bb0265]) and NGS ([@bb0115]). Several methods have been developed for estimating the degree of antigenic difference (antigenic distance) between amino acid sequences of HA1 ([@bb0125], [@bb0075], [@bb0130], [@bb0140], [@bb0100], [@bb0135], [@bb0245]). The purpose of the present study was to integrate the information on antigenicity into the process of selecting vaccine strains for H3N2 human influenza A virus.

Materials and methods {#s0010}
=====================

Influenza seasons {#s0015}
-----------------

H3N2 human influenza A virus causes epidemics of influenza mainly in the winter season in temperate regions. Therefore, in the present study, the influenza seasons are defined such that season 2000.0 indicates the period between October of year 1999 and March of year 2000, corresponding to the winter season in the northern hemisphere, and season 2000.5 indicates the period between April and September of year 2000, corresponding to the winter season in the southern hemisphere ([@bb0145]). The recommended composition of vaccine strains for human influenza viruses has been publicized such that the vaccine strains for season 2001.0 were announced in February of year 2000, and those for season 2001.5 in September of year 2000 ([@bb0285], [@bb0290]). In the present study, the vaccine strain for target season 2001.0 was attempted to be identified from the strains isolated up to the end of season 2000.0, and the vaccine strain for target season 2001.5 from the strains isolated up to the end of season 2000.5, and so forth. Here, seasons 2000.0 and 2000.5 are called the pre-target season for target seasons 2001.0 and 2001.5, respectively.

Antigenic distance {#s0020}
------------------

Difference in antigenicity between influenza virus strains can be quantified using the hemagglutination inhibition (HI) titer. HI titer *t~ij~* is defined as the magnitude of the maximum dilution of anti-serum raised against strain *i* that inhibits hemagglutination of strain *j*. It is considered that vaccination by strain *i* effectively prevents infection by strain *j* if *t~ij~*/*t~ii~* ≤ 4 (antigenic escape threshold). The antigenic distance between strains *i* and *j* (*d~ij~*) is defined as $d_{ij} = \frac{1}{2}\log_{2}\left( {\frac{t_{ij}}{t_{ii}} \cdot \frac{t_{ji}}{t_{jj}}} \right)$ ([@bb0135]). Models have been developed for estimating the antigenic distance from the difference in amino acid sequences of HA1 ([@bb0125], [@bb0075], [@bb0130], [@bb0140], [@bb0100], [@bb0135], [@bb0245]).

In the model of [@bb0245], *d~ij~* is estimated by$${\hat{d}}_{ij} = \left. \sum{}_{s}\left\{ {\left( {\left| {vol_{s{(i)}} - vol_{s{(j)}}} \right|w_{vol} + \left| {pI_{s{(i)}} - pI_{s{(j)}}} \right|w_{pI}} \right) \cdot f\left( d_{RBS_{s}} \right) \cdot g\left( \frac{d_{NGS_{s{(i)}}} + d_{NGS_{s{(j)}}}}{2} \right) \cdot \delta_{s}} \right\}\text{,} \right.$$where *s* denotes the amino acid site, *vol* and *pI* denote the volume ([@bb0065]) and the isoelectric point ([@bb0155]) of amino acid representing the physical and chemical properties, respectively, and *w~vol~* and *w~pI~* denote the weights for them. The *d~RBS~* and *d~NGS~* indicate the Euclidean distances of *C~α~* atom in amino acid from the closest *C~α~* atom in RBS and NGS, respectively, in the three-dimensional structure of HA trimer for A/Hong Kong/19/1968 (Protein Data Bank \[PDB\] ID: 2HMG). The functions *f*(*x*) and *g*(*y*) are given by *f*(*x*) = *e*^− *kx*^ (*k* \> 0) and *g*(*y*) = 1 − *e*^− *ly*^ (*l* \> 0). The *δ* is 1 or 0 according to whether the relative solvent accessibility of amino acid is \> 0 or 0, respectively, which is obtained by computer program ASAVIEW ([@bb0005]) using 2HMG.

A total of 1673 antigenic distances experimentally determined between the strains of H3N2 human influenza A virus, for which the nucleotide sequences encoding HA1 were available in the Influenza Virus Resource at the National Center for Biotechnology Information ([@bb0010]), were retrieved from the literature ([Supplementary Table S1](#ec0005){ref-type="supplementary-material"}). After eliminating the distances associated with the sequences containing minor gaps, ambiguous nucleotides, or premature termination codons and averaging the distances for the same pairs of strains, 382 distances between 88 strains were available for optimizing model parameters *w~vol~*, *w~pI~*, *k*, and *l* ([Supplementary Table S2](#ec0010){ref-type="supplementary-material"}).

In the present study, the antigenic model was integrated into the process of selecting vaccine strains for H3N2 human influenza A virus. To imitate the real situation of selecting vaccine strains, the model parameters were re-optimized for each target season using only the antigenic distances between the strains that were isolated up to the end of pre-target season. Optimization was performed by minimizing the square sum of residual errors in the estimates of antigenic distances using the genetic algorithm ([@bb0255]). Three sets of random real numbers were assigned as the initial parameter values to confirm the convergence of the results ([@bb0245]).

Sequence data {#s0025}
-------------

Effectiveness of a potential vaccine strain for a target season of H3N2 human influenza A virus may be evaluated retrospectively using the average antigenic distance between the strain and the epidemic viruses circulating in the target season; strains with smaller average antigenic distances may be considered as more effective ([@bb0145]). To obtain reliable estimates for the average antigenic distance, it is required to sample a relatively large number of epidemic viruses in the target season, so that they could reflect the composition of epidemic viruses in nature.

Nucleotide sequences encoding HA1 of H3N2 human influenza A virus without minor gaps, ambiguous nucleotides, or premature termination codons, for which the information on the time (year and month) and the place (country) of isolation was available, were retrieved from the Influenza Virus Resource ([@bb0010]) on July 25, 2014. The sequences were classified according to the season and the continent (Africa, Asia, Europe, North America, Oceania, or South America) of isolation, and the identical sequences classified in the same category were collapsed into one ([@bb0145]). Since the sample size was relatively large (≥ 5) for the seasons of 1992.0 and later, 6297 sequences were regarded as representatives of epidemic viruses in seasons 1992.0 to 2014.5 ([Supplementary Table S3](#ec0015){ref-type="supplementary-material"}).

Fitness model {#s0030}
-------------

A model for predicting the composition of epidemic viruses in season *t* + 1 from that observed in the sample obtained in season *t* has been proposed for H3N2 human influenza A virus ([@bb0145]). Given the relative frequency of strain *i* observed in season *t* (*x*~*i*(*t*)~), its relative frequency in season *t* + 1 (*x*~*i*(*t* + 1)~) was estimated by$${\hat{x}}_{i{({t + 1})}} = x_{i{(t)}}e^{f_{i}}\text{,}$$where *f~i~* denotes the fitness of strain *i* determined by the cross-immunity to the former epidemic viruses and the thermodynamic stability of HA1 ([@bb0145]). In the present study, *f~i~* was defined as$$f_{i} = f_{0} - \left( {c_{i}w_{c} + \left| {g_{i} - g_{o}} \right|w_{g}} \right)\text{,}$$where *c~i~* denotes the sum of cross-immunity to strain *j* isolated in season τ of 1992.0 ≤ τ ≤ *t*; that is $c_{i} = \left. \sum{}_{j,\tau}\frac{1}{2^{{\hat{d}}_{ij}}}x_{j{(\tau)}} \right.$. The *g~i~* indicates the thermodynamic stability of HA1 measured as the difference in the ∆*G* value from that for A/Hong Kong/19/1968 (PDB ID: 2HMG); that is *g*~*i*~ = ∑~*s*~*ΔΔG*~*s*~, where ∆∆*G~s~* is the difference at amino acid site *s* estimated by FOLDX (version 3.0 beta 5.1) ([@bb0070], [@bb0190]). It was assumed that the stability of HA1 is optimum at *g~o~* and the fitness declines linearly to the difference from it ([@bb0020]). The *w~c~* and *w~g~* are the weights for cross-immunity and thermodynamic stability, respectively, and *f*~0~ is the constant to set $\left. \sum{}_{i}{{\hat{x}}_{i{({t + 1})}} = 1} \right.$.

Similar to the case for the antigenic model, model parameters *w~c~*, *w~g~*, and *g~o~* were re-optimized for each target season *t* as follows. First, in each of season τ, the strain with the smallest average antigenic distance to those sampled in season τ + 1 was identified using the antigenic model. Then, *w~c~*, *w~g~*, and *g~o~* were optimized by minimizing the square sum of the estimates of average antigenic distances between the identified strains in season τ and the predicted compositions of epidemic viruses in season τ + 1, using the genetic algorithm ([@bb0255]) with three sets of random real numbers assigned as the initial parameter values to confirm the convergence of the results ([@bb0245]).

Results and discussion {#s0035}
======================

Effectiveness of actual vaccines and the most effective vaccine strains {#s0040}
-----------------------------------------------------------------------

The average antigenic distances were first computed between the actual vaccines for H3N2 human influenza A virus that have been administered in practice ([Table 1](#t0005){ref-type="table"}) and the epidemic viruses sampled in their target seasons of 2001.0 to 2014.5, to evaluate their effectiveness retrospectively. Here it was assumed that vaccination did not affect the composition of epidemic viruses to any large extent because worldwide coverage of vaccination is small ([@bb0170]). The average antigenic distances for actual vaccines were found to be relatively large, ranging from 0.892 to 3.170 with the overall average of 1.558 ([Table 1](#t0005){ref-type="table"}). In particular, for 5 out of 28 seasons examined, the average antigenic distance exceeded the antigenic escape threshold of 2. Indeed, the occurrence of antigenic drift and the discrepancy in antigenicity between actual vaccines and epidemic viruses have been reported in some of these seasons ([@bb0030], [@bb0035]).

In human influenza viruses, the vaccine strain for target season *t* is identified at the end of season *t* − 1 (pre-target season) from the epidemic viruses isolated by then ([@bb0260], [@bb0180]). To identify, retrospectively, the most effective vaccine strain for each target season of 2001.0 ≤ *t* ≤ 2014.5, the average antigenic distance was computed between each of the strains isolated in seasons 1992.0 to *t* − 1 and the epidemic viruses sampled in season *t*. The strain with the smallest average antigenic distance was considered as the most effective vaccine strain ([Table 1](#t0005){ref-type="table"}). It was observed that the average antigenic distance for the most effective vaccine strain was always smaller than 2, ranging from 0.181 to 1.400 with the overall average of 0.587 ([Table 1](#t0005){ref-type="table"}). These values were also always smaller than those for actual vaccines obtained above. Notably, the most effective vaccine strain was identified in the pre-target season for 25 out of 28 seasons examined ([Table 1](#t0005){ref-type="table"}).

When the average antigenic distance for the actual vaccine was compared with those for the strains isolated in the pre-target season, the former was greater than the latter in 79.1% of the cases on average (same: 0.2%; smaller: 20.7%) ([Fig. 1](#f0005){ref-type="fig"}). These results suggest that a strain randomly chosen in the pre-target season was expected to be more effective than the actual vaccine. This is probably because H3N2 human influenza A virus has been continuously escaping from the host immune responses through antigenic evolution ([@bb0195], [@bb0235]). It is therefore recommended to replace the vaccine strain for every target season by a strain isolated in the pre-target season.

Selecting vaccine strains {#s0045}
-------------------------

In replacing the vaccine strain for every target season of H3N2 human influenza A virus, it is preferable to identify the most effective vaccine strain in the pre-target season. For this purpose, it may be helpful to understand the evolutionary dynamics of the virus. It has been proposed that H3N2 human influenza A virus circulates continuously in East and Southeast (E-SE) Asia, and epidemics in temperate regions are seeded from E-SE Asia every winter season ([@bb0175], [@bb0185]). Indeed, the phylogenetic tree of HA is known to comprise trunk branches and side clusters, which apparently represent evolutionary pathways of this virus in E-SE Asia and temperate regions, respectively. Furthermore, positive and negative selection has been detected mainly on trunk branches and side clusters, respectively, suggesting that antigenic evolution occurs mainly in E-SE Asia ([@bb0055], [@bb0235]). According to this evolutionary scenario, it would be expected that the viruses circulating in E-SE Asia are not only positioned near the antigenic center of epidemic viruses in each season, but also most closely related to those in the following seasons. Then, the center-of-mass strain, which is defined as the strain with the smallest average antigenic distance to the others, in the pre-target season, may correspond to the most effective vaccine strain for the target season.

The center-of-mass strains identified for the target seasons of 2001.0 to 2014.5 are listed in [Table 1](#t0005){ref-type="table"}. The average antigenic distances of these strains to the epidemic viruses sampled in their target seasons ranged from 0.253 to 2.355 with the overall average of 0.887, which were always smaller than those for actual vaccines ([Table 1](#t0005){ref-type="table"}). The center-of-mass strain turned out to be the most effective vaccine strain for 7 out of 28 seasons examined ([Table 1](#t0005){ref-type="table"}). In each pre-target season, the average antigenic distance for the center-of-mass strain was greater than those for the other strains only in 13.0% of the cases on average (same: 13.9%; smaller: 73.1%), suggesting that the center-of-mass strain was expected to be more effective than a strain randomly chosen in the pre-target season ([Fig. 1](#f0005){ref-type="fig"}). Vaccine strains for the future epidemic seasons of 2015.0 and 2015.5 could also be identified as the center-of-mass strains, which were A/Guam/3712/2013 and A/Virginia/10/2014, respectively ([Table 1](#t0005){ref-type="table"}).

It has been proposed that the relative frequency of a strain in season *t* + 1 may be predicted from that observed in season *t* using the fitness model, where the fitness of a strain was assumed to be determined by the cross-immunity to the former epidemic viruses and the thermodynamic stability of HA1 ([@bb0145]). Using this model, the vaccine strain may be identified in the pre-target season as the strain with the smallest average antigenic distance to the predicted composition of epidemic viruses in the target season ([@bb0145]). Note that identifying the center-of-mass strain in the pre-target season is equivalent to assuming the same composition of epidemic viruses in the target and pre-target seasons for selecting vaccine strains by the fitness model ([@bb0145]).

In the retrospective analysis, vaccine strains could be identified by the fitness model only for the target seasons of 2011.0 to 2014.5, because of a failure in optimizing the model parameters due to relatively small numbers of data points available for computation ([Table 1](#t0005){ref-type="table"}). In addition, for seven out of eight seasons examined, the average antigenic distance for the vaccine strain identified by the fitness model was greater than that for the center-of-mass strain obtained above ([Fig. 1](#f0005){ref-type="fig"}). The vaccine strain for the future epidemic season of 2015.0 identified by the fitness model (A/Guam/3712/2013) was the same as the center-of-mass strain, supporting the reliability. For season 2015.5, however, a different strain (A/Washington/3810/2014) was identified by the fitness model, which was likely to be less reliable than the center-of-mass strain as suggested from the results of the retrospective analysis ([Table 1](#t0005){ref-type="table"}). Similar results were observed when either the cross-immunity or the thermodynamic stability was allowed to be included in the fitness model (data not shown).

The influenza virus forecasting system (INFLUCAST) {#s0050}
--------------------------------------------------

In the present study, the effectiveness of a potential vaccine strain for a target season of H3N2 human influenza A virus was evaluated retrospectively using the average antigenic distance between the strain and the epidemic viruses sampled in the target season. The most effective vaccine strain was identified mostly in the pre-target season and the effectiveness of actual vaccines appeared to be lower than that of the strains randomly chosen in the pre-target season on average. It was recommended to replace the vaccine strain for every target season with the center-of-mass strain in the pre-target season. Recently, complicated algorithms based on the phylogenetic analysis have been devised to identify the strains that were likely to be more effective than actual vaccines in the pre-target seasons ([@bb0145], [@bb0220]). However, the strains isolated in the pre-target seasons were expected to be more effective than actual vaccines as indicated above, and thus it may be more meaningful to identify the most effective vaccine strains in the pre-target seasons. The procedure described in the present study provides a simple way directed toward this purpose.

The procedure of selecting vaccine strains for future epidemic seasons described in the present study was implemented in the influenza virus forecasting system (INFLUCAST) (<http://www.nsc.nagoya-cu.ac.jp/~yossuzuk/influcast.html>). The system should be continuously updated with accumulation of HI and sequence data and upgraded by improving the antigenic model ([@bb0275], [@bb0300]), the measure of thermodynamic stability ([@bb0270], [@bb0080], [@bb0120]), and the fitness model ([@bb0215], [@bb0050], [@bb0110], [@bb0165]). It is also important to incorporate missing variations due to incomplete sampling of epidemic viruses and *de novo* mutations into the system. The last problem arises because inactivated vaccines are administered to induce systemic humoral immunity against variable proteins for human influenza viruses. This problem may be avoided by targeting conserved proteins as in the case of poliovirus ([@bb0225]), or by inducing heterologous immunity with live-attenuated vaccines as in the case of rotavirus ([@bb0210], [@bb0045]). It should be noted, however, that the evolutionary mechanism of amino acid sequence may be integrated with that of antigenicity ([@bb0245]), suggesting that the system may be extended to predict the antigenic evolution.

The following are the supplementary data related to this article.Supplementary Table S1HI titers used in the present study.Supplementary Table S2Antigenic distances used in the present study.Supplementary Table S3Representatives of epidemic viruses used in the present study.
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![Proportions of epidemic viruses sampled in the pre-target seasons with greater (blue), same (red), and smaller (green) average antigenic distances to those sampled in the target seasons of 2001.0 to 2014.5, in comparison to the actual vaccines (left), the center-of-mass strains (middle), and the strains identified by the fitness model (right). Note that the results of the fitness model could be obtained only for the target seasons of 2011.0 to 2014.5.](gr1){#f0005}

###### 

Average antigenic distances between actual vaccines or potential vaccine strains and epidemic viruses sampled in target seasons.

  Target season   Actual vaccine               Antigenic distance                      Most effective vaccine strain[a](#tf0005){ref-type="table-fn"}   Antigenic distance   Center-of-mass strain         Antigenic distance   Strain selected by fitness model   Antigenic distance
  --------------- ---------------------------- --------------------------------------- ---------------------------------------------------------------- -------------------- ----------------------------- -------------------- ---------------------------------- --------------------
  2001.0          A/Moscow/10/1999             1.487                                   A/Malaysia/12974/1999                                            0.687                A/Nelson Marlborough/1/2000   1.221                N.A.                               N.A.
  2001.5          A/Moscow/10/1999             1.600                                   A/Malaysia/12974/1999                                            0.767                                                                                                      
                                                                                       A/Hong Kong/CUHK28038/2000                                       0.822                A/Western Australia/5/2000    0.824                N.A.                               N.A.
  2002.0          A/Moscow/10/1999             1.613                                   A/Netherlands/118/2001                                           0.621                A/Western Australia/9/2000    1.147                N.A.                               N.A.
  2002.5          A/Moscow/10/1999             1.726                                   A/Queensland/20/2001                                             0.658                A/West Coast/55/2001          1.144                N.A.                               N.A.
  2003.0          A/Moscow/10/1999             2.491                                   A/Perth/201/2002                                                 1.112                A/New York/22/2002            1.790                N.A.                               N.A.
  2003.5          A/Moscow/10/1999             2.943                                   A/Hunan/407/2002                                                 0.565                A/Western Australia/31/2002   2.355                N.A.                               N.A.
  2004.0          A/Moscow/10/1999             3.170                                   A/Sydney/7/2003                                                  0.411                A/Sydney/7/2003               0.411                N.A.                               N.A.
  2004.5          A/Fujian/411/2002            0.892                                   A/Chanthaburi/219/2003                                           0.374                A/Uruguay/UY-PA03-4/2003      0.629                N.A.                               N.A.
  2005.0          A/Fujian/411/2002            1.022                                   A/Taiwan/296/2004                                                0.387                A/Texas/TX-AC24395/2003       0.783                N.A.                               N.A.
  2005.5          A/Wellington/1/2004          0.894                                   A/Jeonnam/336/2004                                               0.502                                                                                                      
                                                                                       A/California/CA-S71051/2004                                      0.588                A/Whanganui/386/2004          0.594                N.A.                               N.A.
  2006.0          A/California/7/2004          1.196                                   A/Tianjin/275/2005                                               0.434                A/Western Australia/63/2004   0.730                N.A.                               N.A.
  2006.5          A/California/7/2004          1.372                                   A/Argentina/AG-R570-05/2005                                      0.496                A/Argentina/AG-R570-05/2005   0.496                N.A.                               N.A.
  2007.0          A/Wisconsin/67/2005          1.350                                   A/Western Australia/71/2005                                      0.688                A/Western Australia/71/2005   0.688                N.A.                               N.A.
  2007.5          A/Wisconsin/67/2005          1.396                                   A/Connecticut/CT-5204-7547/2006                                  0.355                A/Victoria/503/2006           0.733                N.A.                               N.A.
  2008.0          A/Wisconsin/67/2005          1.511                                   A/Wisconsin/03/2007                                              0.351                A/New York/UR06-0510/2007     0.862                N.A.                               N.A.
  2008.5          A/Brisbane/10/2007           0.994                                   A/LangSon/LS218/2007                                             0.181                A/Perth/142/2007              0.253                N.A.                               N.A.
  2009.0          A/Brisbane/10/2007           1.100                                   A/Wisconsin/09/2008                                              0.258                A/Wisconsin/09/2008           0.258                N.A.                               N.A.
  2009.5          A/Brisbane/10/2007           2.259                                   A/Wisconsin/13/2008                                              1.400                A/Wisconsin/13/2008           1.400                N.A.                               N.A.
  2010.0          A/Brisbane/10/2007           2.038                                   A/Texas/WRAIR1239P/2009                                          0.961                A/Wisconsin/05/2009           1.179                N.A.                               N.A.
  2010.5          A/Perth/16/2009              1.166                                   A/Australia/30/2009                                              0.512                A/Hawaii/14/2009              1.002                N.A.                               N.A.
  2011.0          A/Perth/16/2009              1.317                                   A/Pennsylvania/02/2010                                           0.636                A/Florida/26/2009             0.697                A/Singapore/C2009.803bV/2009       1.235
  2011.5          A/Perth/16/2009              1.485                                   A/Peru/PER379/2010                                               0.787                A/Peru/PER379/2010            0.787                A/Wyoming/04/2010                  0.819
  2012.0          A/Perth/16/2009              1.356                                   A/Peru/PER315/2010                                               0.576                A/Hyogo/10 K304/2011          0.898                A/Sao Paulo/14805/2011             0.905
  2012.5          A/Perth/16/2009              1.482                                   A/Peru/PER337/2011                                               0.702                A/Peru/PER337/2011            0.702                A/Peru/PER397/2011                 0.967
  2013.0          A/Victoria/361/2011          1.404                                   A/Wisconsin/07/2012                                              0.553                A/Peru/PER358/2012            0.892                A/California/2972/2012             1.098
  2013.5          A/Victoria/361/2011          1.486                                   A/Alabama/17/2012                                                0.359                A/Peru/PER331/2012            0.982                A/Peru/PER353/2012                 1.732
  2014.0          A/Victoria/361/2011          1.710                                   A/Wyoming/03/2013                                                0.455                A/Sao Paulo/11079/2013        0.615                A/Colorado/20/2012                 2.342
  2014.5          A/Texas/50/2012              1.158                                   A/Texas/91/2012                                                  0.635                                                                                                      
                                                                                       A/Oklahoma/3414/2013                                             0.689                A/Santiago/p36d5/2013         0.765                A/Oklahoma/3414/2013               0.689
  2015.0          A/Texas/50/2012              N.A.[b](#tf0010){ref-type="table-fn"}   N.A.                                                             N.A.                 A/Guam/3712/2013              N.A.                 A/Guam/3712/2013                   N.A.
  2015.5          A/Switzerland/9715293/2013   N.A.                                    N.A.                                                             N.A.                 A/Virginia/10/2014            N.A.                 A/Washington/3810/2014             N.A.

Two strains are indicated when the most effective vaccine strain identified in seasons 1992.0 to the pre-target season (upper) was different from that identified in the pre-target season (lower).

Not available.
